Purpose-Stress-induced cardiovascular reactivity is associated with the pathogenesis of cardiovascular disease. This study tested whether a simulated active commute to school dampened cardiovascular reactivity to a cognitive stressor typical to what children might experience during school.
INTRODUCTION
A physically active lifestyle in youth is associated with many health benefits (9) including buffering the effects of stress on the antecedents of cardiovascular disease (12) . Cardiovascular reactivity to psychological stress is associated with the pathogenesis of cardiovascular disease in children (24) and atherosclerosis in adults (14) . An acute bout of exercise dampens the potentially atherogenic increases in heart rate (HR) and blood pressure (BP) during mental stress in children (23) . Thus, one way that an active lifestyle may reduce risk for cardiovascular disease is by reducing HR and BP reactivity to daily psychological stressors.
Children must cope with many social and cognitive stressors during a school day including peer relationships, making friends, teasing, and completion of coursework and homework (5) . Active commuting (i.e., walking or bicycling) to school is one way to promote daily physical activity in youth (17) while perhaps at the same time dampening cardiovascular responses to school-related stressors.
To date, only the protective effect of an acute bout of higher-intensity interval exercise on the stress-induced cardiovascular reactivity of children has been studied (23) . Whether a moderate intensity walk, that simulates a walk to school, would also dampen increases in cardiovascular responses to a cognitive stressor typical to what children might experience during a school day, has not yet been studied. Thus, the aim of this study was to test whether children who complete a self-paced walk that simulated an active commute to school would have dampened HR and BP reactivity and smaller increases in perceived stress to a cognitive stressor compared to a sedentary control group.
METHODS

Subjects
Forty (20 girls and 20 boys) Caucasian 10 to 14 year-old children served as subjects. Children were recruited through flyers and through phone calls to families who had inquired about previous studies conducted by the Division of Behavioral Medicine at the University at Buffalo and had provided consent to be contacted again for future studies. Inclusion criteria included no conditions or diseases that would affect physical activity, no history of diagnosed psychiatric disorder, no current illness, and no current use of medications that would alter baseline stress or stress reactivity. Children were below the 85 th percentile for body mass index (BMI) and did not walk to school more than 1 day per week. Socioeconomic status (SES) was assessed by the parent completing a standard questionnaire (11) . Parents provided written informed consent for their child to participate. Children gave their written assent to participate. The study was approved by the University at Buffalo Children and Youth Institutional Review Board. An investigator debriefed children and their parents after finishing the experiment.
Children were randomly assigned to either a sedentary control group designed to simulate being driven to school in a suburban neighborhood environment or a walking group that simulated an active commute through the same neighborhood and to the same suburban school. The environment was simulated by taking digital photographs every 50 m of an actual 1.6 km (1 mile) walk to a suburban school. The final 4 images included the school in the frame and were taken successively closer to the school to indicate arriving at the school. The neighborhood is highly walkable and characterized by low traffic, wide sidewalks separated from the road by a tree lawn, and well groomed lawns, shrubs and trees.
Procedures
Each child came to the Behavioral Medicine Research Laboratory for 1 visit. All visits took place in the morning to model a typical walk to school. Children were instructed not to eat anything 1 h prior to their appointment time and not to participate in any intense exercise the day before their visit. Height and weight of the child were taken at the beginning of the visit. Children completed a 7-day physical activity recall to assess usual activity levels. Children were fitted with a chest strap transmitter to record HR (Polar Vantage XL, Port Washington, NY) and to an automated BP monitor (Suntech 4240, Morrisville, North Carolina).
Children in both groups completed a 10 minute baseline period of quiet sitting while reading age-appropriate magazines. Children assigned to the sedentary control group then continued reading magazines for an additional 10 min and then moved to a comfortable chair and watched a 10 min slideshow of the images taken from the pleasant neighborhood environment. This was used to simulate riding to school in a motorized vehicle. Children assigned to the active commute group performed a 1.6 km walk on a treadmill at a selfselected pace. Children wore a book bag containing10% of the child's body weight in books and walked while images of the neighborhood environment were projected on a screen in front of the child to simulate a walk to school. Children covered the 1.6 km distance in 21.5 ± 0.5 min or at a speed of 4.51 km/h (2.8 mph).
Children in both groups then completed a 20 minute recovery period, during which time they rested while reading magazines. This reading recovery period was included to control for time between experimental conditions as a recovery period was necessary in the walking condition to allow the cardiovascular measures to return to baseline after the exercise treatment and before beginning the stress paradigm. Children were then given instructions for completing a computerized Stroop color-word test. A series of names of colors written in a different colored font from the color specified were displayed on a computer monitor and children were asked to identify the color of the font, and not read the word. Children were instructed to say the correct color out loud, and that they had 3 min to provide as many correct responses as possible. Children were told that they would be evaluated on both quickness and accuracy of responses.
Apparatus and Physiological Measurement
Anthropometrics-Weight was measured to the nearest 0.1 kg using an electronic scale (Tanita BF-350, Arlington Heights, Illinois) with children wearing light clothing. Height was measured to the nearest 0.1 cm with a calibrated stadiometer (Digi-Kit, North Bend, WA). Body mass index (BMI) was calculated according to the following formula: (BMI = kg/m 2 ). BMI percentile was calculated in relationship to 50th BMI percentile for children based on their sex and age (16) .
Stress Reactivity-BP was measured with a Suntech 4240 monitor (Morrisville, North Carolina). The Suntech 4240 uses the auscultatory method aided by electrocardiographic Rwave gating, and an oscillometric transducer to determine SBP and DBP and is a valid and reliable measure of BP during rest and exercise (32) . Measurement of BP followed published guidelines (27) regarding cuff length and width, placement of the cuff around the arm 2.5 cm above the antecubital space, and seating of the cuff of the arm by inflating and deflating the cuff before taking any measurements. BP was measured twice during the last 3 min of each protocol period (baseline, walking/sedentary control manipulation, recovery, Stroop task) and averaged, with the two measurements separated by 1 to 1.5 min. Pulse pressure (PP) was calculated as the difference between SBP and DBP. HR was measured continuously using a Polar Vantage XL (Port Washington, NY) HR monitor and averaged over the last 3 min of each protocol period. Perceived stress measurements were taken immediately after each protocol period as an indication of the child's psychological stress for that time period. Perceived stress was measured by having subjects assess their current degree of psychological stress using a 10 point Likert scale, with anchors of no stress/very stressed. Likert scales are widely used in pediatric research (34) and to assess rapid changes in psychological stress (e.g., (25) ). Children prefer Likert scales over VAS measurements and are recommended for use with children (34) with test-retest reliability of 0.95 to 0.99 (22) .
Seven-Day Physical Activity Recall-The time spent in physical activity at different intensities was assessed using a standard interview (26) . Children were interviewed to recall the time spent in sleep, and in moderate (as strenuous as walking), hard (an intensity between walking and running) and very hard (as strenuous as running) activities. The greatest amount of time each day is spent in light activities (less strenuous than walking, not including sleep) and was determined by subtraction. Total physical activity time was calculated as the sum of daily hours spent in moderate, hard, and very hard physical activity. Children were given instructions on how to properly answer the interviewer's questions. The interview began with the previous day and worked back the next six days. To aid recall, the subjects were prompted for activities in the morning, noon, and evening of each day. The 7-day physical activity recall is a valid and reliable measure of activity in children (26) .
Analytic Plan
Differences in physical characteristics, physical activity, and Stoop task performance were assessed using separate two-way ANOVA with group (control, walk) and sex (male/female) as between subject factors. A manipulation check was completed to determine the ability of the exercise treatment to increase cardiovascular measures compared to the control treatment. For the manipulation check, HR changes during the sedentary control and walk treatments were determined as the mean value during each treatment minus the mean baseline value. To adjust for individual differences in baseline HR, standardized residual gain scores for responses to the manipulations were calculated by adjusting the manipulation change score for the baseline HR value using regression. Group differences in standardized residual gain scores of HR from the manipulations were then assessed using two-way ANOVA with group and sex as between subject factors. To test whether the cardiovascular and perceived stress data had returned to baseline after the walking or sedentary treatments, differences in baseline and recovery values of the cardiovascular variables and perceived stress were assessed using separate mixed three-way ANOVA with group and sex as between subject factors and protocol period (baseline, recovery) as a within subjects factor.
To assess group differences in stress-induced cardiovascular reactivity and perceived stress, a second change score was calculated as the mean value during the Stroop task minus the mean recovery value. To adjust for individual differences in baseline and recovery levels of the variables, which may have influenced the magnitude of stress reactivity; standardized residual gain scores for stress reactivity were calculated by adjusting for both the baseline and recovery values using regression. Standardized residualized gain scores of the cardiovascular and perceived stress measures during the Stroop task were then used as dependent variables in two-way ANCOVA to test group and sex differences in cardiovascular reactivity during the Stroop task. SES was included as a covariate because lower SES is associated with greater threat interpretations during ambiguous, non-negative situations and with greater cardiovascular reactivity to stress (3, 35) .
The standardized residual gain scores for HR, SBP, and DBP reactivity during the Stroop test were also used as dependent variables in separate multiple linear regression models to determine the association of physical activity with cardiovascular reactivity measures. Total physical activity was used as an independent variable in these models to predict HR and BP reactivity. Sex, BMI percentile, and SES were included as demographic covariates in the regression analyses.
RESULTS
As shown in Table 1 , there were no group (P ≥ 0.89) or sex (P ≥ 0.99) differences for any of the physical characteristics. Physical activity variables did not differ between groups (P ≥ 0.65) or the boys and girls (P ≥ 0.13). There were also no group (P ≥ 0.51) or sex (P ≥ 0.99) differences in Stroop task performance. Cardiovascular outcomes measured at the different protocol periods are shown in Figure 1 . As expected, results of the manipulation check demonstrated that HR (P < 0.001) increased more in the walking group (40 beat˙min −1 ) than in the control group (3 beat˙min −1 ) during the manipulations. The group by sex interaction (P ≥ 0.23) was not significant. Children in the walking group self-selected a walking intensity of 60.6 ± 1.6% HR max while the children in the control group remained at a sedentary heart rate of 40.4 ± 1.3% HR max (P < 0.001). HR was not significantly different (P ≥ 0.19) in the sedentary control group when comparing baseline and recovery values, but was increased (P < 0.02) a slight 3% at recovery in the walking group. SBP (P ≥ 0.63) and PP (P ≥ 0.29) did not differ in either group when baseline and recovery values were compared. Perceived stress was 19.5% lower (P ≥ 0.07) in the control group and only 8%, but significantly (P < 0.01), lower in the walking group between baseline and recovery.
Standardized residual gain scores of the cardiovascular reactivity outcome measures during the Stroop stressor are shown in Figure 2 . These scores are adjusted for individual differences in baseline and recovery cardiovascular values so that the reactivity results were not affected by the magnitude of the baseline or recovery value. Children in the walking group had lower HR reactivity (P < 0.001), SBP reactivity (P < 0.001), and PP reactivity (P < 0.001) than the control group. There were no sex differences (P ≥ 0.63) in cardiovascular reactivity. The group by sex interactions for HR (P ≥ 0.85), SBP (P ≥ 0.94), and PP (P ≥ 0.63) reactivity also were not significant. DBP reactivity did not differ (P ≥ 0.20) between the walking (7.6 ± 0.8 mmHg) and control (6.2 ± 0.7 mmHg) groups or between the sexes (P ≥ 0.61). Perceived stress reactivity was lower (P < 0.001) in the walking group than in the control group during the Stroop stressor with no significant main (P ≥ 0.22) or interaction (P ≥ 0.63) effects of sex. Removal of SES as a covariate in the ANOVA models did not change these results.
Regression analyses demonstrated that greater usual physical activity by the children predicted a reduced DBP response to cognitive stress (Table 2) . Usual physical activity did not significantly predict HR (P ≥ 0.93), SBP (P ≥ 0.89), or PP (P ≥ 0.67) reactivity.
DISCUSSION
The main finding of this study was that HR, SBP, and perceived stress reactivity during a cognitive stressor were reduced in children who completed a simulated 1.6 km walk to school compared to a group that received a simulated passive commute to school. Children chose to walk an average of 4.5 km/h, very similar to the average 4.8 km/h self-chosen walking speed of children (20) , which supports the external validity of these laboratory results. Roemmich and colleagues (23) also found that higher intensity interval exercise was protective against cardiovascular reactivity to interpersonal stress. The current results extends this research by providing evidence that a moderate-intensity walk, similar to a walk to school, can protect against the stress reactivity to a cognitive stressor typical to what children might experience during the school day. SBP reactivity was dampened 2.1 fold in the present study after a self-paced walk performed at 61% HR max, which agrees with the 1.7 fold dampening of SBP reactivity observed in previous work using interval exercise performed at an average HR of approximately 78% HR max (23) Given that there is only one published study of the protective effect of exercise on children stress-induced cardiovascular reactivity, the results of the present study are also discussed in reference to data from studies of adults. Although exercise protocols of greater intensity have generally been more effective in reducing BP responses to psychological stress in adults, moderate intensity exercise has also produced dampening effects (8) . The walking intensity used in our study was less intense than most of the exercise protocols used in previous studies of adults, though a study in adult smokers showed that a self-paced 15 min walk reduced SBP reactivity to psychological stress (31).
While SBP reactivity was dampened in the present study, walking exercise did not reduce DBP reactivity. Stress-induced DBP reactivity was found to be 63% to 80% reduced after higher intensity interval exercise in previous studies of children (23) . Differences in stressinduced BP responses between these studies may have resulted from differences in intensity of the preceding exercise bout (10), but may also be a result of the stressor used to induce cardiovascular reactivity. The previous study of children (23) used an interpersonal speech task while the current study used the Stroop task to model the cognitive stress children experience during school. Both the interpersonal speech and the Stroop tasks require active coping, but the speech task evokes a greater level of social and evaluative threat (1). More socially relevant stressors produce greater and more consistent increases in beta adrenergic responses, including greater increases in DBP reactivity (1).
The lower SBP reactivity and similar DBP reactivity of the walking group compared to the sedentary control group resulted in PP reactivity being lower during the Stroop task in the children who performed an active commute. Greater PP reactivity to stress during adolescence is a risk factor for cardiovascular disease in adulthood (21) . Attenuating PP responses to mental stress through a brief walk may be a simple yet effective means of slowing or preventing atherosclerosis and the risk for cardiovascular disease later in life.
HR reactivity was also lower in children after an active commute, providing additional evidence that exercise is protective against stress-induced cardiovascular reactivity. This result is consistent with previous work that found an intense bout of interval exercise was protective against HR reactivity in children (23) . Results from studies of adults are mixed, with some reporting a reduction in HR reactivity and others finding no protective effect of exercise (8) . Studies that did not find a protective effect on stress-induced HR reactivity employed high intensity exercise (8) . High intensity exercise in adults promotes extended elevations in HR, which may confound stress-induced HR reactivity data if the recovery period is not of a great enough duration or if the recovery HR is not adjusted for in the analysis (8). Children's HR returns to baseline more quickly after high intensity exercise than adults (36) , which may help to explain the more consistent reductions of HR during mental stress after acute exercise in children.
The mechanisms by which exercise can dampen cardiovascular reactivity to psychological stress are still being explored. Sympathetic stimulation produces acute increases in arterial pressure by increasing heart rate, heart muscle contractility, and increasing resistance to blood flow (19) . A reduction in sympathetic activity after exercise is likely to play a key role in the buffering of stress-induced cardiovascular responses. In adults, decreases in blood pressure reactivity to mental stress after 25 minutes of cycling is associated with decreased neuroendocrine responses to stress including a reduction in norepinephrine secretion and increased B2-adrenergic receptor responsivity (2) . Furthermore, norepinephrine reactivity was the best predictor of reduced blood pressure reactivity to stress after exercise (2) . These alterations promote greater stress-induced vasodilatation and may result in the attenuation of blood pressure responses to subsequent mental stress (2).
Perceived stress reactivity was also dampened by completing a 1-mile walk. One way that walking exercise may dampen stress-induced cardiovascular reactivity is by altering an individual's evaluation of stressful stimuli such as reducing the perceived threat of the event. An acute bout of moderate intensity exercise improves mood (30) and self-esteem (4) and reduces anxiety (29) , which may also play a role in reducing perceived mental stress to a cognitive stress task after exercise. Future studies in children should include measurements of sympathetic activity and psychosocial measures to examine possible mechanisms that may be involved in exercise reducing stress-induced cardiovascular reactivity.
Studies of adults have shown an inverse association between physical activity level and post-exercise stress reactivity (18) . Daily or frequent physical activity could attenuate cardiovascular stress reactivity by repeatedly placing an individual in a protective postexercise window when encountering stress (8) . Regression analyses found an inverse association between physical activity and DBP reactivity, but not SBP or HR reactivity in the present study. In contrast, no significant associations were found between physical activity and stress-induced cardiovascular reactivity in a previous study of children (23) . It is unclear why the results are not consistent across experiments of children, though there were methodological differences in the assessment (accelerometry versus interview) of physical activity. The data from adults also are not consistent as some studies (7) have not found an association between physical activity level and post-exercise stress reactivity. Importantly, the groups in the present study did not differ in physical activity so this could not account for the group differences in cardiovascular reactivity to the cognitive stressor.
There are several potential weaknesses with this study. The study used a between subjects research design and had a restricted sample size. The walk to school was simulated in the laboratory rather than occurring in the field. It is not known whether the same effects would have been observed if the children actually completed the walk in a neighborhood environment. Similarly, the results may have been different if the stress testing had been completed in the school rather in the laboratory. Frequent stressful experiences at the school could result in associating the school with psychological stress resulting in stress-induced cardiovascular reactivity. The choice to use a simulated walk and measuring stress reactivity in a laboratory setting was motivated by the novel nature of the research and the need to control for biasing or confounding environmental influences such as cue exposure of being in school, pretesting social interactions, and wind, temperature, and humidity on stress reactivity and cardiovascular responses. Given that significant effects were observed in a carefully controlled experiment and environment, the research could now be extended to field testing. Cardiovascular responses to only one type of stressor were tested. Cardiovascular reactivity to other standard stress paradigms that closely model the types of stressors children experience during school, such as mental arithmetic or interpersonal speech tasks, should be included in future studies. Aggregating cardiovascular reactivity data from several tasks may improve reliability of the cardiovascular outcome measures (15) . Measurement of sympathetic activity or other potential mechanisms that may explain the blunted cardiovascular reactivity during stress in the exercise group should also be included in future studies. A limitation of this type of research is that blinding is difficult because exercise participation is hard to disguise. It is possible that the children reacted differently after knowing whether they were in the exercise or control condition. Finally, only Caucasian youth were studied. Future research should include minority youth.
In conclusion, an active commute to school in a pleasant neighborhood may dampen children's cardiovascular reactivity when confronted with cognitive stressors during the school day. In addition, physical activity behaviors established in youth often track into adulthood (6) . Regular walking to school may increase the likelihood of long-term use of walking as a mode of active transportation (28) . This may have additional health benefits for children such as increasing the total amount of energy expended during the day (33) and improved cognitive function and academic performance (13, 28) . Future research should determine the effects of repeated bouts of walking to school to determine whether children habituate to the protective effects of a brief walk on cardiovascular and perceived stress reactivity or whether such exercise indeed dampens reactivity, while providing additional health benefits. The minimal amount of exercise necessary to produce a protective effect on stress reactivity and the duration of the protective refractory period also should be investigated in future work. Heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse pressure (PP), and perceived stress outcomes measured at the different protocol periods. Data are mean ± SE of the raw data. Heart rate, systolic blood pressure (SBP), pulse pressure, and perceived stress reactivity during the Stroop cognitive stressor for the control and walk groups. *P < 0.05 for comparison of control and walk group means. Data are mean ± SE of standardized residualized gain scores that adjusted for individual differences in baseline and recovery values of the outcome variables. Table 2 Multiple linear regression of usual physical activity predicting diastolic blood pressure reactivity 
